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(Received on September 3, 1991) 

A natural hybrid between Dendranthema vestitum and D. indicum was newly recorded in Hubei 
Province, China. It had various intermediate characters between the two parental species such as leaf 
shape pinnatilobed to pinnatiparted with truncate to obtuse base, morphology and density of T-shaped 
trichomes on leaves, size of pollen grains. However, it had white-colored ligules similar to those of 
D. vestitum . This plant also showed intermediate features of the chromosome number of 2n= 45 and 
the karyotype of hybrid features between D. vestitum (2n= 54) and D. indicum (2n= 36). Moreover, 
the plant’s meiosis in pollen mother cells exhibited configurations of 12 to 18 bivalents with some 
multivalents and univalents in combination at diakinesis, lagging chromosomes at anaphase I, and 
chromosome bridges and micronuclei at telophase I. Its pollen stainability was relatively high (87.6%). 

(Continued from J. Jpn. Bot. 66: 199-204, 1991) 

Natural and/or artificial hybrids of more than 50 combinations in the Japanese Dendranthema 
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have been recorded (Nakata et al. 1987). In con¬ 
trast, only two natural hybrids and one artificial 
hybrid in the Chinese Dendranthema have been 
recorded [Shih and Fu 1983, Chen et al. 1964 (cited 
in Li et al. 1983)]; the natural hybrids of D. 
indicum (L.) Des Moul. xD. lavandulifolium 
(Fisch. ex Trautv.) Ling et Shih and D. chanetii 
(Levi.) ShihxD. naktongense (Nakai) Tzvel., and 
the artificial hybrid of D. pekinense [D. indicum 
var. acutilobum (= D . indicum) xD. erubescens 
( = D. chanetii)). 

During the course of the second field study in 
China in 1989 for the Monbusho International 
Scientific Research Program - Joint Research, a 
natural hybrid between Dendranthema indicum 
and D. vestitum (Hemsl.) Ling was newly collected 
in the suburbs of Yichang City, Hubei Province, 
China, by M. Nakata. Z.J. Qiu and H. Uchiyama. 
This paper deals with morphology and cytology 
in this natural hybrid that clarify and justify its 
true-hybridity. Taxonomic description of this 
hybrid will be published elsewhere. 

Materials and methods 

The natural hybrid between Dendranthema 
indicum and D. vestitum (Fig. 1) was discovered 
within a D. vestitum population in Jiangjiawan, 
about 10 km northeast of Yichang City, Hubei 
Province (cf. Nakata et al. 1991), where some D. 
indicum grew in the neighborhood. Two ramets 
(Accession nos.: Nakata 9274 and 9275) were 
obtained from this plant. Additionally, ten in¬ 
dividual plants of D. indicum and 18 individual 
plants of D. vestitum were collected in the same 
locality to detect hybridization and perhaps intro- 
gressive hybridization. 

For SEM observation on leaf trichomes, winter- 
rosette leaf was obtained from each cultivated plant 
of the natural hybrid and its putative parents, 
Dendranthema indicum of Nakata 9289 and D. 


vestitum of Nakata 9265. Those leaves were fixed 
with FAA [formalin : acetic acid : 70% ethyl 
alcohol = 5: 5: 90 (v/v/v)], dehydrated through an 
ethanol series and treated with the critical point 
drying method. After sputter coated with gold, 
they were examined with a scanning electron 
microscope (JEOL JSM-25SIII). 

Chromosome preparations, measurements and 
nomenclature in mitosis (meristematic ceils in root 
tips) and meiosis (pollen mother cells = PMC’s) in 
the three taxa were same as those described in 
Nakata et al. (1991). 

Mature pollen grains were harvested from fully 
bloomed flower-heads of the natural hybrid-plant, 
D. indicum (Nakata 9276) and D. vestitum (Nakata 
9263) fixed in 70% ethanol, and stained with 
Cotton Blue in lactophenol. Over 2,000 pollen 
grains were counted for stainability. Diameters of 
pollen grains (the external shape was almost non- 
angular and globular with numerous crests and 
spines) were measured on the basis of the photo¬ 
graphs by using a IBAS-2 image analyzing system. 

The voucher specimens were deposited in the 
Herbarium, Institute of Botany, Academia Sinica 
(PE), Beijing. 

Observations and discussion 

1) Morphology. Among the intermediate 
characters of the natural hybrid between Dend¬ 
ranthema indicum and D. vestitum , the most 
distinct character was leaf shape. Dendranthema 
indicum had pinnatifid or pinnatiparted (5-lobed) 
leaves with cordate to truncate base and well 
noticeable petioles. On the other hand, D. vestitum 
had elliptic, oblong-ovate, ovate or rhombate 
leaves with entire, crenate or slightly dentate 
margin and short petioles which sometimes could 
not be distinguished from acute or attenuate leaf 
base. The natural hybrid had pinnatilobed or 
pinnatiparted leaves with truncate to obtuse base 




Fig. 1. The newly discovered natural hybrid (Nakata 9274) between Dendranthema indicum 
and D. vestitum. 


and petioles of ca. 1cm long (Fig. 1). The flower 
head of the natural hybrid (Fig. 2. C, F) was 
similar in size to that of D. indicum (Fig. 2. A, 
D), but was identical in white-colored ligulate 
corolla with D. vestitum (Fig. 2. B, E). 

Figure 3 shows trichomes on the leaf surface of 
Dendranthema indicum (A), D. vestitum (B) and 
their natural hybrid (C). Sizes and densities of 
T-shaped multicellular trichomes among the three 


taxa were different; the lengths of the uppermost 
lateral cells in D. indicum were short (200-300 
p m), those in D. vestitum long (500-600 ^m) and 
those in the natural hybrid intermediate (300-400 
^m); the density of trichomes in D. vestitum was 
apparently higher than that of D. indicum, and the 
natural hybrid was intermediate between them. 

2) Mitotic chromosomes. The chromosome 
number of the natural hybrid was 2n = 45 (Fig. 4), 
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Fig. 2. Flower heads of Dendranthema indicum (Nakata 9276, A and D), D. vestitum 
(Nakata 9302, B and E), and the natural hybrid (Nakata 9275, C and F); upper (A-C) 
and lower (D-F) views. The photographs were taken at Yichang City on November 16, 
1989. Scale =1 mm. 



Fig. 3. Trichomes on the leaf surface of Dendranthema indicum (A), D. vestitum (B) and the natural hybrid (C). 
Scale bar=200/im. 
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while that of D. indicum in seven individuals 
collected in the same locality was 2n = 36 and that 
in one individual was 2n = 37. The chromosome 
number of D. vestitum in 12 individuals was 
commonly 2n = 54 (Nakata et al. 1991). According 
to those chromosome numbers, the natural hybrid 
could be the true F r hybrid between the two 
species. 

The 2n = 36 chromosomes of D. indicum was 
composed of nine sets of four chromosomes which 
were classed by centromeric position; the four 
smallest chromosomes were subterminal centro¬ 
meric and easily identified from the others (Fig. 
5A). Satellites, if appeared, were observed in 
submedian- to median-centromeric chromosomes 
(Fig. 5A). Thus, the karyotype of D. indicum from 
Jiangjiawan, Hubei Province, China, was quite 
similar to that of the Japanese species reported by 
Shimotomai and Takemoto (1939) and Taniguchi 
(1987). According to Nakata et al. (1991), the 
karyotype of D. vestitum (2n = 54) was characte¬ 
rized by six medium-sized, subterminal-centromeric 
chromosomes (Fig. 5B). Satellites were located on 
the short arms of the subterminal-centromeric 
chromosomes and/or small-sized submedian- 
centromeric chromosomes (Fig. 5B). The 2n = 45 


chromosome complement of the natural hybrid 
clearly contained five subterminal-centromeric 
chromosomes (Fig. 5C), that means the inter¬ 
mediate in number between D. indicum and D. 
vestitum. Furthermore, the origin of some of the 
chromosomes of the natural hybrid could be 
detected by using above mentioned key characters; 
that is, the medium to large, submedian-centro- 
meric chromosomes with satellites (the 8th and 
10th chromosomes in Fig. 4), the small, sub¬ 
terminal-centromeric chromosomes without any 
satellite (nos. 40 and 43 in Fig. 4) might be 
originated from D. indicum ; while medium to 
small-sized, subterminal-centromeric chromo¬ 
somes with satellites (nos. 24, 27 and 42 in Fig. 
4) might be originated from D. vestitum. Thus, the 
true-hybridity between D. indicum and D. vestitum 
in the natural hybrid seemed to be karyotypically 
clarified and justified. 

3) Microsporogenesis and pollen grains. Meiotic 
behavior was studied in PMC’s in the natural 
hybrid. At pachytene stage, the majority of the 
chromosome segments was paired, while some 
chromosome segments were unpaired (Fig. 6A). At 
diakinesis (Figs. 6B, C), although 12-18 bivalents 
were seen, some multivalents and univalents were 
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Fig. 4. Individual chromosomes of the natural hybrid between D. indicum and D. vestitum arranged by the decreasing 
order of the length. The marks “i” and “v” indicate the speculated origin of the chromosomes of D. indicum and 
D. vestitum , respectively. The scale bar = 5 jjm. 



April 1992 


Journal of Japanese Botany Vol. 67 No. 2 


97 


X 

<D 

■u 

C 


0) 

£ 

o 

w 

■4-* 

c 

<D 

o 


50 


40 


30 


20 


. 

A 

„ 0 

0 o o 
°0 

0 0 
0 

0 

£ 

B 0 °< 

y 1 
0 

' J- o' cP i 

O ; 


C °o ^ 

.0. 

Ct.* 

° ..Q. 


.. 

o'o S 

... 
• 0 

• 

o 

!>__ jP • 

<8 

»d 

• 

0* 

0 

0 

D 

D O 


< 

• 

0 0 

0 • 

V 

0 

0 

0 

o V 

o 

V 

i 

A A *° 

• 



A 

• 

0 


L 

0 > 

; 

ul 

) 

V 

V 


y 

-/X- 




Relative length 


Fig. 5. Scatter diagrams showing chromosome composition of D . indicum (A), D. vestitum (B) and the natural hybrid 
(C). The diagrams were drawn based on the measurements on good metaphase plates respectively. Arrowheads indicate 
subterminal-centromeric chromosomes. Solid circles are the chromosomes that have satellites. 


observed. Precise chromosome configurations 
could not be generally analyzed due to stickiness 
of the chromosomes, excepting three PMC’s 
displayed quadrivalents (1-2), trivalents (1-4), 
bivalents (12-18) and univalents (1-2). Among 
the 20 PMC’s at metaphase I observed, only three 
were normal and the others were abnormal 
showing one to seven unpaired chromosomes (Fig. 
6D). The majority of the PMC’s at anaphase I to 
telophase I studied showed two to nine lagging 
chromosomes (Fig. 6E). Moreover, the majority 
of the PMC’s at anaphase II studied showed 
lagging chromosomes or chromosome bridges (Fig. 
6F). 

At tetrad or 4-celled stage, 43 out of the 126 
PMC’s (34.1%) observed had four cells with the 
normal nucleus. In contrast, the other 83 PMC’s 
(65.9%) showed abnormal features having one to 
four micronuclei (57.9%) (Fig. 6G) or forming 
triads (7.9%) (Fig. 6H). Thus, although the PMC’s 
of the natural hybrid showed highly abnormality, 
the pollen grains (Fig. 51) showed relatively high 


stainability (87.6%) compared with those of 
Dendranthema indicum (94.1%) and of D. 
vestitum (97.2%). 

The means ± standard deviations and the ranges 
(in parenthesis) of pollen grain diameter in Dend¬ 
ranthema indicum , D . vestitum and the natural 
hybrid were 30.5 ±1.7 pm (26.8-36.0 pm), 
35.7 + 1.6 pm (32.0-42.9 pm) and 32.0±8.0 pi n 
(20.9-39.2/urn), respectively. Thus, sizes of pollen 
grains of the natural hybrid varied widely, but 
however, the mean value was the intermediate 
between that of its parental species. The unequal 
chromosome distribution in PMC’s of the natural 
hybrid described above could be reflected to the 
wide range of pollen size. 

Artificial hybrid between the tetraploid (2n = 36) 
Chrysanthemum indicum L. (=D. indicum) and 
the hexaploid (2n = 54) C. japonense Nakai [= D. 
occidentali-japonense (Nakai) Kitam.] made by 
Shimotomai (1933) is referable to the present 
natural hybrid. Dendranthema indicum has yellow 
ligulate corolla, while D. occidentali-japonense has 
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Fig. 6. Microsporogenesis in the natural hybrid between Dendranthema indicum and D. vestitum. A: Early pachytene 
showing paired (thick) and unpaired (thin) chromosome segments. B and C: Diakinesis showing 12 (B) and 18 (C) 
bivalents. D: Metaphase I. E: Anaphase I showing eight laggards. F: Telophase II showing a laggard and a bridge. 
G: Tetrad with micronucleus. H: Triad. I: Pollen grains stained with Cotton Blue in lactophenol. The scale bar in 
H = 10 fi m for A-H. The scale bar in 1= 10 ^m. 


white ligulate corolla. Dendranthema could have 
the same hereditary mechanism which could be 
adapted to the present phenomenon. Thus, the 
natural hybrid studied here must be the true 


white ligulate corolla like/), vestitum. The artificial 
Fphybrids between D. indicum and D. 
occidentali-japonense made by Shimotomai (1933) 
had the chromosome number of 2n=45 and the 
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F r hybrid between D. indicum and D. vestitum. 

The F r hybrid between D. indicum and D. 
occidentali-japonense of Shimotomai (1933) 
usually had one or two trivalent(s), eight univalents 
and seven bivalents. However, the present observa¬ 
tion on the multivalent formation in the natural 
hybrid was different from that of Shimotomai 
(1933). Further observations on meiosis in the 
natural hybrid are necessary to clarify this 
problem. 

In Hebei, Shanxi and Liaoning Provinces, 
China, Dendranthema chanetii (2n = 36, 54) and D. 
lavandulifolium (2n= 18) were sympatric to each 
other, and rarely mixed with D. indicum (2n = 36). 
Since any hybrid among them have not been 
found, there may be some isolation mechanisms 
among those species. On the contrary, D. vestitum 
and D. indicum seemed to grow in a little different 
habitat in Yichang City from each other; the 
former was seen on foothills while the latter was 
mostly observed on loadsides. In general, popula¬ 
tion of Dendranthema could easily expand by 
human disturbances such as deforestation and 
cutting a path. The locality where the natural 
hybrid was found might be an overlapping edge 
of the populations of D. vestitum and D. indicum , 
either or both of which have expanded. Additional 
records on the natural hybrid between the two 
species may be expected. 

The authors wish to express their cordial thanks 
to Prof. K. Kondo for critical reading of the 
manuscript; to Dr. M. Hizume, Ehime University 
for his help in measuring pollen grains by using 
IBAS-2 image analyzing system; and to Mr. K. 
Shimizu, Hiroshima University for his assistance 
in SEM observations. This study is supported by 
the Grant-in-Aid for International Scientific 
Research Program-Joint Research, No. 01044099 
(the representative: Ryuso Tanaka), from the 


Ministry of Education, Science and Culture, 
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